A Feature Recognition System Using Geometric Reasoning  by Nasr, E.S. Abouel et al.
Available online at www.sciencedirect.com
2212-8271 © 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the International Scientifi c Committee of the “International Conference on Manufacture 
of Lightweight Components – ManuLight 2014”
doi: 10.1016/j.procir.2014.06.138 
 Procedia CIRP  18 ( 2014 )  238 – 243 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ0DQXIDFWXUHRI/LJKWZHLJKW&RPSRQHQWV±0DQX/LJKW
$)HDWXUH5HFRJQLWLRQ6\VWHPXVLQJ*HRPHWULF5HDVRQLQJ
(6$ERXHO1DVU$$.KDQ$0$ODKPDUL+0$+XVVHLQ
,QGXVWULDO(QJLQHHULQJ'HSDUWPHQW&ROOHJHRI(QJLQHHULQJ.LQJ6DXG8QLYHUVLW\6DXGL$UDELD
)DFXOW\RI(QJLQHHULQJ0HFKDQLFDO(QJLQHHULQJ'HSDUWPHQW+HOZDQ8QLYHUVLW\&DLUR(J\SW
$GYDQFHG0DQXIDFWXULQJ,QVWLWXWH.LQJ6DXG8QLYHUVLW\5L\DGK6DXGL$UDELD
   &RUUHVSRQGLQJDXWKRU7HOE-mail addressDZDLV#JPDLOFRP
$EVWUDFW
,QWKLVSDSHUDQDXWRPDWLFIHDWXUHUHFRJQLWLRQV\VWHPLVSURSRVHGXVLQJREMHFWRULHQWHGDSSURDFK7KHSDUWGDWDLVH[WUDFWHGIURP
67(3ILOHZKLFKLVWKHVWDQGDUGIRUPDWIRUWKHPRVWNQRZQ&$'V\VWHPV7KHREMHFWRULHQWHGVWUXFWXUHIRXQGTXLWHXVHIXOIRUWKH
JHQHUDWLRQRISDUWJHRPHWULFGDWDEDVH%RWKVLPSOHDQGLQWHUDFWLQJPDFKLQLQJIHDWXUHVFRQVLGHUHGLQWKHVWXG\'LIIHUHQWDOJRULWKPV
GHYHORSHG IRU WKH H[WUDFWLRQ RI IHDWXUH IDFHV DORQJ ZLWK WKHLU JHRPHWULF SURSHUWLHV DQG GLPHQVLRQV 7KH ORJLFDO UXOHV WKHQ
IRUPXODWHG EDVHG RQ JHRPHWULF UHDVRQLQJ WR UHFRJQL]H WKH VHOHFWHGPDFKLQLQJ IHDWXUHV $ FDVH VWXG\ SUHVHQWHG WR YDOLGDWH WKH
SURSRVHGPHWKRGRORJ\

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQ DQG SHHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI WKH ,QWHUQDWLRQDO 6FLHQWLILF &RPPLWWHH RI WKH ³,QWHUQDWLRQDO &RQIHUHQFH RQ
0DQXIDFWXUHRI/LJKWZHLJKW&RPSRQHQWV±0DQX/LJKW´LQWKHSHUVRQRIWKH&RQIHUHQFH&KDLU3URI$(UPDQ7HNND\D
Keywords:)HDWXUH([WUDFWLRQ67(30DFKLQLQJ)HDWXUHV*HRPHWULF5HDVRQLQJ2EMHFW2ULHQWHG
,QWURGXFWLRQ
7KHVXFFHVVIXO OLQNEHWZHHQ&$'DQG&$0ZLOOEH
GHILQHG E\ WKH HIILFLHQW PHWKRGV WKDW FDQ SURFHVV D
GHFRPSRVHG REMHFW IURP WKH &$' GDWDEDVH DQG
UHFRQVWUXFW WKHHQWLWLHVIRUGRZQVWUHDPDSSOLFDWLRQV>@
)HDWXUHV IRUP WKH EDVLV IRU OLQNLQJ &$' ZLWK
GRZQVWUHDPPDQXIDFWXULQJDSSOLFDWLRQV>@
 $OWKRXJKYDULRXVW\SHVRIIHDWXUHVKDYHEHHQ
LQYHVWLJDWHG>@WKHPRVWFRPPRQW\SHRIIHDWXUHLVWKH
IRUPIHDWXUHZKLFKFRQWDLQVERWKVKDSHLQIRUPDWLRQDQG
SDUDPHWULFLQIRUPDWLRQ([DPSOHVRIIRUPIHDWXUHV
FRPPRQLQPDQ\VKDSHPRGHOVDUHURXQGKROHVVORWV
ERVVHVDQGSRFNHWV
 0DQ\DOWHUQDWLYHWHFKQLTXHVKDYHEHHQGHYLVHG
IRUFUHDWLQJIHDWXUHEDVHGPRGHOV7KHVHFDQEHGLYLGHG
LQWRWZRPDLQFDWHJRULHVEDVHGRQZKHWKHUIHDWXUHVDUH
H[WUDFWHGIURPJHRPHWU\)I*RURQZKHWKHUJHRPHWU\
LVFUHDWHGIURPWKHIHDWXUHV*I),VPDLOHWDODQG7DQ
HWDO>@SURSRVHGDUXOHEDVHGDSSURDFKIRUWKH
UHFRJQLWLRQRIKROHIHDWXUHIURP67(3ILOH0DQJHVKHW
DO>@GHYHORSHGWKHV\VWHPHVVHQWLDOIRUFRQQHFWLQJWKH
GHVLJQVWDJHZLWKSURFHVVSODQQLQJVWDJH=KDQJHWDO
>@SURSRVHGD67(3EDVHGSURGXFWPRGHOGDWD
H[FKDQJHIUDPHZRUNIRUYLUWXDOHQWHUSULVHVWKDW
GHPRQVWUDWHGWKHUHODWHGGDWDWUDQVODWLRQEHWZHHQDQ
,*(6ILOHDQGD67(3$3ILOHIRUGDWDH[FKDQJHRI
KHWHURJHQHRXV&$'V\VWHPV1DVU>@SURSRVHGD
PHWKRGRORJ\IRUH[WUDFWLQJPDQXIDFWXULQJIHDWXUHVIURP
&$'V\VWHPXVLQJ,QLWLDO*UDSKLFV([FKDQJH
6SHFLILFDWLRQ,*(6IRUPDWDVLQSXWDQGWUDQVODWHVWKH
LQIRUPDWLRQLQWKHILOHWRPDQXIDFWXULQJLQIRUPDWLRQ/X
>@SURSRVHGDQDOJRULWKPIRUWKHLGHQWLILFDWLRQRIGHVLJQ
DQGPDFKLQLQJIHDWXUHVIURPDGDWDH[FKDQJHGSDUW
PRGHO$ODQDQG6KRX>@GHYHORSHGDYROXPH
GHFRPSRVLWLRQDSSURDFKIRUEXLOGLQJDQLQWHUIDFHWKDW
EULGJHVWKHJDSEHWZHHQD'&$'PRGHODQGDQ
DXWRPDWHGSURFHVVSODQQLQJV\VWHP
 ,QWKLVSDSHUERWKVLPSOHDQGFRPSOH[IHDWXUHV
ZHUHFDWHUHGIRUDXWRPDWLFUHFRJQLWLRQSURFHVVXVLQJ
&SURJUDPPLQJODQJXDJH7KH67(3$3ILOHZDV
XVHGDVIRUWKHJHQHUDWLRQRISDUWJHRPHWULFDOGDWDEDVH
7KHVLJQLILFDQFHRIXVLQJ67(3ZDVLWVFDSDELOLW\RI
© 2014 Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the International Scientifi c Committee of the “International Conference on Manufacture 
of Lightweight Components – ManuLight 2014”
239 E.S. Abouel Nasr et al. /  Procedia CIRP  18 ( 2014 )  238 – 243 

GHVFULELQJSURGXFWGDWDWKURXJKRXWWKHOLIHF\FOHRI
SURGXFW
3URSRVHG0HWKRGRORJ\
 7KHPHWKRGRORJ\DGRSWHG LQ WKHSDSHU LQWHQGV
WREULGJHWKHLQIRUPDWLRQJDSEHWZHHQ&RPSXWHU$LGHG
'HVLJQ &$' DQG &RPSXWHU $LGHG 0DQXIDFWXULQJ
&$0 XVLQJ REMHFW RULHQWHG WHFKQLTXH 7KH ' VROLG
PRGHO  FUHDWHG XVLQJ&$7,$97KH JHRPHWULFDO DQG
WRSRORJLFDO LQIRUPDWLRQRI WKHPRGHO UHSUHVHQWHG LQ WKH
IRUP RI 67(3 $3  ILOH 7KH 67(3 GDWD  WKHQ
FRQYHUWHG LQWR %UHS GDWD VWUXFWXUH XVLQJ &
SURJUDPPLQJ ODQJXDJH WR JHQHUDWH SDUW JHRPHWULF
GDWDEDVH

)LJ3URSRVHG0HWKRGRORJ\
7KH GHYHORSHG DOJRULWKPV FRGHG XVLQJ & XVHG WR
UHFRJQL]H DQG JURXS IHDWXUH IDFHV DQG ILQG RXW WKHLU
JHRPHWULF SURSHUWLHV DORQJ ZLWK WKHLU GLPHQVLRQV $
VHSDUDWHGLPHQVLRQDO DOJRULWKPGHYHORSHG WRREWDLQ WKH
GLPHQVLRQV RI LQWHUVHFWLQJ IHDWXUHV 7KH UXOH EDVHG
GHVLJQHG WR UHFRJQL]H VLPSOH RU LQWHUVHFWLQJ IHDWXUHV
EDVHG RQ JHRPHWULF UHDVRQLQJ 7KH PHWKRGRORJ\
SUHVHQWHGLQWKHIRUPRIIORZFKDUWLQ)LJ
2.1 Part Geometric Database 
7KH SDUW JHRPHWULF GDWDEDVH LV FUHDWHG E\ DQDO\]LQJ
WKHJHRPHWULFLQIRUPDWLRQDYDLODEOHLQWKH67(3$3
ILOH XVLQJ %UHS 7HFKQLTXH 7KH %5HS FRQVLVWV RI D
WRSRORJLFDO GHVFULSWLRQ RI WKH VROLG PRGHO ,Q WKLV
VFKHPHERXQGDULHVRIFRPSRQHQWDUHUHSUHVHQWHGLQWKH
IRUP RI VKHOO 7KH VKHOO DFWXDOO\ D XQLRQ RI IDFHV WKDW
KDYH VSHFLILF ERXQGDULHV FDOOHG ORRSV 7KH ORRSV DUH
IRUPHG E\ WKH OLQHV FDOOHG HGJH FXUYHV (DFK HGJH RU
FXUYH LV UHSUHVHQWHG E\ LWV YHUWLFHV %\ XVLQJ WKLV
LQIRUPDWLRQ HYHU\ IDFH LQ%UHS VROLG LV GHILQHGE\ LWV
IDFHV ORRSV HGJHV DQG YHUWLFHV DORQJZLWK WKH VXUIDFH
W\SHDQG WKHQRUPDOYHFWRUGLUHFWLRQ$IUDFWLRQRISDUW
GDWDEDVHLVVKRZQLQ)LJ
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)LJ3DUW*HRPHWULF'DWDEDVH
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2.2 Feature Library 

 ,Q WKLV SDSHU WKHPDFKLQLQJ IHDWXUHV DUH FODVVLILHG
DVVLPSOHDQG LQWHUVHFWLQJ IHDWXUHV7KHVLPSOH IHDWXUHV
UHFRJQL]HG DV VLQJOH HQWLW\ ZKHUHDV WKH LQWHUVHFWLQJ
IHDWXUHV DUH KDUG WR UHFRJQL]H DV VLQJOH HQWLW\ 7KH
IHDWXUH LQWHUDFWLRQ GHILQHG >@ DV DQ LQWHUVHFWLRQ RI
IHDWXUHERXQGDULHVZLWKWKRVHRIRWKHUIHDWXUHVVXFKWKDW
HLWKHU WKH VKDSHRI WKH VHPDQWLFVRI D IHDWXUH LV DOWHUHG
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IURP WKH VWDQGDUG RU JHQHULF GHILQLWLRQ 2QFH IHDWXUH
LQWHUDFWLRQ KDSSHQV WKH SDWWHUQ RI IHDWXUHV LV FKDQJHG
DQG WKH RULJLQDO WRSRORJ\ RU SDWWHUQ LQIRUPDWLRQ IRU DQ
LQGLYLGXDO IHDWXUH LV GLVWRUWHG)LJ  VKRZV WKH IHDWXUH
OLEUDU\IRUWKHVHVLPSOHDQGLQWHUVHFWLQJIHDWXUHV


 
 
 
 
 
 
 
 
 
 
 
)LJ)HDWXUH/LEUDU\
 
2.3 Feature Faces Extraction Algorithm 

$IWHU DQDO\]LQJ WKH JHRPHWULF LQIRUPDWLRQ D VLPSOH
DOJRULWKP LVGHYHORSHG WR H[WUDFW DQGJURXS WKH IHDWXUH
IDFHV DORQJ ZLWK WKHLU GLPHQVLRQV 7KH IORZ FKDUW DQG
GHWDLORIDOJRULWKPLVSUHVHQWHGLQ)LJ

)LJ([WUDFWLRQ$OJRULWKP

 7KH SDUDOOHOLVP DQG SHUSHQGLFXODULW\ SURSHUW\
EHWZHHQ WKH IDFHV ZHUH HVWDEOLVKHG E\ FRPSDULQJ WKH
QRUPDOYHFWRUVRIWKHWZRVHOHFWHGIDFHV,IWKHVHYHFWRUV
DUH VDPH IDFHV DUH SDUDOOHO RWKHUZLVH LW ZLOO EH
SHUSHQGLFXODU


2.3.1 Stepped Slot Feature (Extraction Procedure) 
 ([WUDFWWKHDEVROXWHPLQDQGPD[[\DQG]YDOXHRI
WKH SDUW E\ UHDGLQJ DOO IDFHV RI WKH JHRPHWULF
LQIRUPDWLRQILOHIRUWKHVHOHFWHGSDUW
 ([WUDFWWKHIDFHVWKDWKDYHFRQVWDQWFRRUGLQDWHYDOXH
EHWZHHQPLQDQGPD[YDOXH!PLQ	PD[[\RU
]RIWKHSDUWWKURXJKRXWLWVHGJHORRSVHH)LJXUH
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)LJ)DFHV([WUDFWLRQ
 ([WUDFW DQGJURXS WKH IHDWXUH IDFHVZLWK UHVSHFW WR
WKH FRPPRQHGJH VXFK WKDW LI)DFHKDVFRPPRQ
HGJHZLWK)DFHDQG)DFHKDVFRPPRQHGJHZLWK
)DFHWKHQ)DFHV	VKRXOGEHJURXSHG
 $IWHU DSSO\LQJ WKH H[WUDFWLRQ DQG JHRPHWULF
DOJRULWKPVWKHIHDWXUHIDFHVZHUHH[WUDFWHGDQGJURXSHG
DORQJ ZLWK WKHLU SDUDOOHOLVP DQG SHUSHQGLFXODULW\
SURSHUWLHV DV GHSLFWHG LQ 7DEOH  IRU VLPSOH DQG
LQWHUVHFWLQJ IHDWXUHV 'LPHQVLRQV RI VLPSOH IHDWXUHV
ZHUHFDOFXODWHGIURPWKHHGJHVRIWKHVHOHFWHGIDFHV

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7DEOH([WUDFWLRQ3URFHGXUH


3ODQH )DFHV   	 
H[WUDFWHGDQGJURXSHGE\
FRPPRQHGJHV
)DFH LV SDUDOOHO WR
)DFH
)DFHLVSHUSHQGLFXODUWR
)DFH	
/HQJKW DQG ZLGWK LV
FDOFXODWHGIURPIDFH
+HLJKW LV FDOFXODWHG
IURPIDFHRUIDFH
)DFHVDUH6ORW7KURXJK
)DFHVDUH6ORW7KURXJK
)DFHVDUH6ORW7KURXJK
)DFHVDUH6ORW7KURXJK
)DFH LV SHUSHQGLFXODU WR DOO RWKHU
IDFHV
6ORW 7KURXJK LV FRQQHFWHG WR 6ORW
7KURXJK DQG 6ORW 7KURXJK E\ WKH
FRPPRQHGJHVDQGUHVSHFWLYHO\
6ORW 7KURXJK LV FRQQHFWHG WR 6ORW
7KURXJK DQG 6ORW 7KURXJK E\ WKH
FRPPRQHGJHVDQGUHVSHFWLYHO\
)DFHV  DUH SHUSHQGLFXODU WR )DFHV

)DFHV  DUH SHUSHQGLFXODU WR )DFHV

)DFHVDUHSDUDOOHOWR)DFHV
)DFHVDUHSDUDOOHOWR)DFHV

 
2.3.2 Dimensional Algorithm for Intersecting Features 

 7KHGLPHQVLRQDODOJRULWKPIRUIRXULQWHUVHFWLQJ
IHDWXUHVLVSUHVHQWHGLQWKHIROORZLQJVWHSV
([WUDFWIHDWXUHIDFHV
&KHFNWKHYHFWRUGLUHFWLRQRIWKHVHIHDWXUHIDFHVIURP
JHRPHWULFLQIRUPDWLRQILOH
 0DNH WZR JURXSV RI SDUDOOHO IDFHV E\ DSSO\LQJ WKH
SDUDOOHOLVPDQGSHUSHQGLFXODULW\DOJRULWKP
7DNHJURXSWKDWKDYHH[DFWIDFHV
,IDJURXSIRXQGLQVWHSDVLQFDVHRI)LJXUHJR
WRVWHSRWKHUZLVHWRVWHS
([WUDFWDIHDWXUHIDFHWKDWLVSHUSHQGLFXODUWRDOOIDFHV
DQGJRWRVWHSDVLQFDVHRI)LJXUH
 /HQJWKV ZLGWKV DQG KHLJKWV ZHUH FDOFXODWHG IURP
WKHVH IDFHV /HQJWKV ZHUH FDOFXODWHG IURP FRPPRQ
HGJHV DQG ZLGWKV IURP QRQFRPPRQ HGJHV +HLJKWV
ZHUH FDOFXODWHG IURP GLIIHUHQFH EHWZHHQ WKH FRQVWDQW
FRRUGLQDWH YDOXH LQ WKHVH IDFHV DQG PD[LPXP RU
PLQLPXPYDOXHZKLFKHYHU IRXQG LQ RWKHU JURXS LQ WKH
VDPHFRRUGLQDWH DV UHSUHVHQWHG LQ)LJXUH  IRU VWHSSHG
VORWH[DPSOH

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
)LJ6WHSSHG6ORW
/HQJWKVZLGWKVDQGKHLJKWVZHUHFDOFXODWHGIURPWKLV
IDFH/HQJWKVZHUH FDOFXODWHG IURPFRPPRQHGJHV DQG
ZLGWKVIURPQRQFRPPRQHGJHV+HLJKWZDVFDOFXODWHG
IURP  GLIIHUHQFH EHWZHHQ WKH FRQVWDQW FRRUGLQDWHYDOXH
LQWKLVIDFHDQGPD[LPXPRUPLQLPXPYDOXHZKLFKHYHU
IRXQG LQ RWKHU FRQQHFWHG IHDWXUH IDFHV LQ WKH VDPH
FRRUGLQDWH DV UHSUHVHQWHG LQ )LJXUH  IRU WZR VORW
WKURXJKDWOHYHO






)LJ7ZR6ORW/HYHO
 
2.4 Feature Recognition 
 7KHORJLFDOUXOHVZHUHIRUPXODWHGEDVHGRQWKH
JHRPHWULF UHDVRQLQJ DSSURDFK WR UHFRJQL]H WKH
WHFKQRORJLFDOIHDWXUHVDVUHSUHVHQWHGLQ)LJXUH







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)LJ5HFRJQLWLRQ3URFHVV
&DVH6WXG\
 7KH SURSRVHG PHWKRGRORJ\ ZDV WHVWHG ZLWK D
FDVHVWXG\7KH'VROLGPRGHOZDVFUHDWHGLQ&$7,$
9 LV VKRZQ LQ )LJ  7KH SDUW FRQWDLQV PDFKLQLQJ
IHDWXUHV7KHUHZHUHIDFHVH[WUDFWHGLQSDUWJHRPHWULF
GDWDEDVH DQG RXW RI WKHVH  IHDWXUH IDFHV ZHUH
UHFRJQL]HGDQGJURXSHG7KHJHRPHWULFLQIRUPDWLRQZDV
H[WUDFWHGIURP67(3$3ILOHDQGPDFKLQLQJIHDWXUHV
ZHUH VXFFHVVIXOO\ UHFRJQL]HG DQG JURXSHG DORQJ ZLWK
WKHLU LGV IHDWXUH IDFHV DQG GLPHQVLRQV XVLQJ REMHFW
RULHQWHG DSSURDFK 7KH FRPSOHWH IHDWXUH GDWD IRU WKH
FDVHVWXG\LVSUHVHQWHGLQ7DEOH






)LJ,OOXVWUDWLYH([DPSOH

7DEOH)HDWXUH'DWD
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                 7KHPHWKRGRORJ\SUHVHQWHG LQ WKHSDSHUZDV
VXFFHVVIXOO\ YDOLGDWHG ZLWK D FDVH VWXG\ $W ILUVW WKH
JHRPHWULFDO GDWDEDVH ZDV FUHDWHG IURP 67(3 $3 
ILOHE\GHILQLQJ WKH67(3HQWLWLHVDVFODVVHVXVLQJ&
SURJUDPPLQJ7KHIHDWXUHIDFHVZHUHWKHQH[WUDFWHGDQG
JURXSHGE\DSSO\LQJWKHGHYHORSHGH[WUDFWLRQDOJRULWKP
7KHSDUDOOHOLVPDQGSHUSHQGLFXODULW\SURSHUWLHVEHWZHHQ
WKH IDFHV ZHUH DOVR HVWDEOLVKHG 7KH GLPHQVLRQV RI
VLPSOH IHDWXUHV ZHUH H[WUDFWHG IURP WKH HGJH ORRSV
FKDQJLQJ FRRUGLQDWHV RI HGJHV RI IHDWXUH IDFHV $
VHSDUDWH GLPHQVLRQDO DOJRULWKP GHVLJQHG WR FDODFXODWH
WKHGLPHQVLRQVRILQWHUVHFWLQJIHDWXUHV7KHORJLFDOUXOHV
ZHUHWKHQH[HFXWHGWRUHFRJQL]HWKHIHDWXUHQDPH(DFK
IHDWXUH KDV EHHQ JLYHQ D XQLTXH IHDWXUH LG  7KH
DSSOLFDWLRQEXLOWLQYLVXDO&7KHORZHUOHYHOHQWLWLHV
VXFKDVYHUWLFHVDQGHGJHVZHUH VXFFHVVIXOO\FRQQHFWHG
ZLWK WKHKLJKHU OHYHO HQWLWLHV VXFKDV VORWVDQGSRFNHWV
ZKLFKDUHYHU\XVHIXOIRUPDQXIDFWXULQJDFWLYLWLHV,QWKH
IXWXUH WKHZRUNZLOOEHH[WHQGHGIRU WKHUHFRJQLWLRQRI
F\OLQGULFDOIHDWXUHV
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